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ABSTRACT: A circuit for eliminating quadrature com 
ponents from a sinusoidal input signal is described. The circuit 
also divides the frequency of the input signal and converts it 
into a square wave. Conversion of the input is achieved by the 
use of a dividing signal and tandem connected gating circuits 
which operate on the sinusoidal input signal. 
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1 
QUADRATURE REJECTION AND FREQUENCY 

' CONVERSHON CIRCUIT ' 

Various types of equipment receive sinusoidal inputs which 
contain undesirable quadrature components. in many of these 
systems the operational characteristics and efficiency are 
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greatly enhanced by elimination of the quadrature com- _ 
ponents. As an example, a servosystem operating from a 
sinusoidal error signal may be subjected to quadrature com 
ponents contained within the error signal. Such quadrature 
components are detrimental to the optimum operation of the 
servosystem. Accordingly, they should not be present in the 
error signal. However, because they are frequently generated 
by the sensing element of the servosystem, the prevention of 
their generation is extremely difficult. it is therefore necessary 
to employ circuitry which eliminates such components. 
The present_day trend in many types of equipment is toward 

the use of digital techniques. In such systems, the analog error 
or control signals are converted into pulse trains having pulse 
amplitudes and/or spacing which vary in accordance with 
variations in the analog signal. The present invention is a rela 
tively simple circuit which removes quadrature components 
trom a sinusoidal input signal ‘and simultaneously converts it 
into a square wave pulse train having a frequency which is a 
submultiple of the input frequency. 

it is therefore an object of this invention to provide a circuit 
which removes the quadrature components from a sinusoidal 
signal which is varying in phase and amplitude. 

It is another object of this invention to provide such a circuit 
which converts a phase and ‘amplitude varying sinusoidal 
signal into a square wave which varies in phase and amplitude 
in proportion to the input signal. ' 

it is another object of this invention to provide such a circuit 
which divides the frequency of the input signal so that the 
resulting square wave output has a frequency which is a sub 
multiple of the input frequency. 
__Further objects, features and advantages of the invention 

will become apparent from the following description and 
claims when read in view of the accompanying drawings, 
wherein like numbers indicate like parts and in which: 
The FIGURE shows a preferred embodiment of the inven 

tive circuit. 
A sinusoidal signal which can be varying in phase and am 

plitude is applied to lnput Terminal 11. A control or operating 
signal is injected into the circuit across the Primary 13 of a 
Transformer 12. The Secondary 14 of Transformer 12 is 
center grounded as indicated by Center Tap 16. Similar 
Diodes 17 and 18 are connected across Secondary 14 such 

I that they conduct on alternate half cycles of the signal applied 
to Primary 13. Consequently, a recti?ed signal is presented to 
Filter 19 which receives an input from the Junction 21 of 
Diodes 17 and 18. Filter 19 contains a Capacitor 22 and an in 
ductor 23, with the output of the Filter 19 being taken from 
the junction of these two elements. The values of Capacitor 22 
and lnductor 23 are chosen to have the Filter 19 frequency 
tuned at the desired output frequency of the Filter 19. 
A Resistor 24 receives the output of Filter 19 and applies it 

to Gate Electrode 26 of a ?eld effect Transistor Q, through a 
rectifying Diode 27. The source and drain electrodes of PET 
Q, are respectively connected to input Terminal 11 and a 
smoothing Circuit 29. The output of FET Q, is therefore 
smoothed by the connection of Resistor 31 and Capacitor 32 
contained within Smoothing Circuit 29. A second ?eld effect 
Transistor Q, has its source and drain electrodes 32 and 33 
respectively connected between the output of Smoothing Cir 
cuit 29 and Output Terminal 34. The Gate Electrode 37 of 
FET Qz receives the input signal from the Secondary 14 of 
Transmitter 12 through a rectifying Diode 38. ' 
The operation of the circuit depends upon the application 

of the sinusoidal input to lnputTerminal 11 at a frequency 2F 
and a sinusoidal input at a frequency F to Transformer 12. 
Because of the direct relationship between the two required 
inputs, the same source can be used for both. Accordingly, the 
2F input can be divided by a factor of two and applied as the 

20 

25 

30 

35 

45 

2 
input to Transformer 12. This is true even though the 2F signal 
may be phase and amplitude varying because the effects of 
any such variation will be removed by the operation of the 
rectifying and ?ltering circuits. Conversely, the input F to 
Transformer 12 can be an error signal which is'multipled up 
before its application to Input Terminal 11. Obviously 
separate sources can be used if power and space requirements 
and operational characteristics permit. That is, as an example, 
an oscillator can supply the F input to the Transformer 12 and 
an error signal can be utilized as the input to Terminal 11.. It 
should be noted that the 2-to-l relationship of the ‘two 
frequencies is optional depending upon the frequency desired 
as the output of the network which will be present on Output 
Terminal 34. The relationship can be changed simply by 
cascading additional rectifying-multiplying circuits as will be 
more fully explained hereinafter. 
The network composed of Secondary 14 and‘Diodes 17 and 

18'is a frequency multiplying recti?er. With the Diodes Junc 
tion and 18 Diodes across Secondary 14 so that they conduct 
on alternate half Diodes of the input signal, the signal present 
at Junction 21 of Diodes 17 and 18 is the result of full wave 
recti?cation. The frequency of this signal is therefore twice 
‘the frequency of the signal input to Transformer l2 and ac 
cordingly is 2F. This is the same as the frequency present at 
lnput Terminal 11. The polarity of the recti?ed signal at June 
tion 21 of Diodes 17 and 18 is dependent solely upon the 
polarity of Diodes l7 and 18. Consequently, by reversing 
these diodes the polarity of the output signal is also reversed. 

Filter 19 receives the recti?ed and multiplied signal on 
Capacitor 22. Values for Capacitor 22 and lnduc'tor 23 are 
selected such that they form a series resonant circuit at a 
frequency 2F. Such a selection minimizes the impedance of 
Filter 19 and accordingly reduces its attenuation effects. Also, 
such a selection maximizes the voltage drop across Inductor 
23 and consequently a maximum voltage is applied to Diode 
27 through Resistor 24. Capacitor 22 also serves to block any 
DC component present in the recti?ed signal. Resistor 39 pro 
vides a DC return path for the change of Capacitor 22. In the 
absence of this resistor capacitor 22 would change to the peak 
value of the recti?ed signal. Diodes 17 and 18 would then be 
back biased and no further signal would be transferred to 
Filter 19. 
The ?ltered output signal from Filter 19 is a repetitive signal 

varying at a rate of 2F and having the DC component 
removed. This signal is applied to Diode 27 ‘where it is again 
recti?ed before its application to Gate 26 of FET 0,. 
Transistor Q, has its source and drain electrodes respectively 
connected to input Terminal 11 and the input to Smoothing 
Circuit 29. Consequently, as the conduction'of FET Ql varies 
in response to the recti?ed gating voltage present on Gate 

' Electrode 26 its output is a ?uctuating DC voltage which does 
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not contain any quadrature components which may have been 
present in the input signal to Terminal 11. Any noise present 
in the input signal is also removed by the action of PET Q1. 
Quadrature and other out-of-phase components are removed 
from the input signal because the FET Ql conducts only when 
it is properly biased at Gate 26. This occurs when the recti?ed 
signal present on Gate 26 and the input signal to Terminal 11 
are either in phase or 180° out of phase, depending upon the 
polarity of Diodes 17, 18 and 27 and whether FET Ql is a P 
channel or an N channel. The choice of PET channel and 
diode polarity is within the purview of one skilled in the art. 
Smoothing Circuit 29 operates on the ?uctuating DC output 

from Transistor Q, and converts it into a DC voltage at a 
steady level. Capacitor 32 is also effective in bypassing high 
frequency components which may be contained in the output 
signal and assuring that the DC component is applied to Re 
sistor 31. The overall action of the RC. network containing 
Resistor 31 and Capacitor 32 is therefore to smooth the DC 
output from FET Ol in much the same order as an integrating 
circuit. 

Source Electrode 32 of PET 0, receives the smooth DC 
voltage while Gate 37 receives the unrecti?ed signal F from 
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Secondary M of Transformer 12 through Rectifying Diode 38. 
' F El‘ O2 is accordingly gated on at a rate of F. Consequently, 
the output of FET Q2 is a square wave having a frequency of F. 
Resistor 36 represents the input impedance of the output net 
work and Resistor 25 represents the output impedance of the 
input network. lf the input to Transformer 12 is the divided 
error signal, the phase of the square wave output will be the 
same as the phase of the error signal. However, quadrature 
components are removed because they cannot gate the 
Transistor Q2 on at the proper instance. 
The frequency of the output signal present on Terminal 34 

is-seen to be one-half of the input frequency to Terminal ll. 
This is also true of the gating signal present on Gate 37 of FET 
Q2 which determines the output frequency. A binary sequence 
of multiples of input frequency F to Transformer 112 can be 
obtained by cascading additional multiplying-rectifying cir 
cuits. Accordingly, by adding one additional such stage 
between Junction 21 and Filter 19 .a multiplication factor of 
four is obtained. A multiplication factor of eight is obtained by 
adding two more such stages, etc.; obviously the input to Gate 
37 of PET Q2 will be taken from the last stage. 

It is now evident that the inventive circuit removes out-of 
phase components and noise from an input signal and simul 
taneously frequency divides the signal and converts it into a 
square wave. 

Although this invention has been described with respect to a 
particular embodiment thereof, it is not to be so limited, as 
changes and modi?cations may be made therein which are 
within the spirit and scope of the invention as de?ned by the 
appended claims. 

I claim: 
1. A circuit for rejecting out-o?phase components of a 

periodically varying signal and converting the frequency and 
shape of said varying signal comprising: ?rst input means for 
receiving said signal as a ?rst input signal at a frequency F and 
applying said signal to a conduction electrode of a ?rst gate 
means; second input means for receiving a second input signal 
at a frequency f, said frequencies F and f being different and 
related by an integer multiple N; means for frequency mul 
tiplying and rectifying said frequency f signal; means for ap 
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plying the multiplied-‘recti?ed signal to the control electrode 
of said ?rst gate means; signal modi?cation means for apply 
ing the output of said ?rst gate to the conduction electrode of 
a second gate; means for applying said signal at a frequency f ‘ 
to the control electrode of said second gate means; and output 
means for receiving the output of said second gate means. 

2. The circuit of claim 1 wherein said frequency relationship 
is F/f=N; said ?rst and second input signals are sinusoidal; and 
the output of said second gate means is a square wave at a 
frequency f. ' 

3. The circuit of claim 2 wherein N=2; and said multiplied 
recti?ed signal has a frequency F. 

4. The circuit of claim 3 wherein said ?rst input signal is an 
error signal and said second input signal is said‘ ?rst input di 
vided by said multiple N. - 

5. The circuit of claim 4 wherein said means for applying is 
a ?lter which removes the DC component from said mul 
tiplied-recti?ed signal and is tuned to pass said frequency F. 

6. The circuit of claim 1 wherein said ?rst input signal is an 
error signal from a sensor in a control system; said second 
input signal is a reference input; and said integer multiple N is 
equal to F/f. . 

7. The circuit of claim 6 wherein said means for multiplying 
rectifying multiplies said second input signal by a factor equal 
to N so that the output of said means for multiplying-rectifying 
is at a frequency equal to F. 

8. The circuit of claim 7 wherein said means for applying is 
a series resonant circuit frequency tuned to a frequency 2F; 
and said signal modi?cation means is a smoothing circuit. 

9. The circuit of claim 6 wherein said ?rst and second gate 
means are similar ?eld effect transistors; and said control elec 
trodes are the gate electrodes of said_transi_stors. _ _ - ' 

10. The clrcuit of claim 9 further including additional recti 
?er means in the gate circuits of said transistors; said ?rst 
transistor is gated at a frequency F so that its output is a ?uc 
tuating DCvoltage; said smoothing circuit is an R.C. network 
so that a steady DC is applied to the source electrode of said 
second transistor; said second transistor is gated at a frequen 
cy f so that its output is a square wave at a frequency f. 


